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10.2.4 White Noise 

A very commonly-used random process is white noise. White noise is often used to model the 

thermal noise in electronic systems. By definition, the random process X{t ) is called white 

noise if Sx(f ) is constant for all frequencies. By convention, the constant is usually denoted 

, No 
by - 2 -. 

The random process X{t) is called a white noise process if 

Sx{f) 

He t ore going any further, let's calculate the 

E[X(tf = 


Thus, white noise, as defined above, has infinite power! In reality, white noise is in fact an 
approximation to the noise that is observed in real systems. To better understand the idea, 
consider the PSDs shown in Figure 10.8. 
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Figure 10.8 - Part (a): PSD of thermal noise; Part (b) PSD of white noise. 
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Part (a) in the figure shows what the real PSD of a thennal noise might look like. As we see, 
the PSD is not constant for all frequencies; however, it is approximately constant over the 
frequency range that we are interested in. In other words, real systems are bandlimited and 
work on a limited range of frequencies. For the frequency range that we are interested in, the 
two PSDs (the PSD in Part (a) and the PSD of the white noise, shown in Part (b)) are 
approximately the same. 


The thennal noise in electronic systems is usually modeled as a white Gaussian noise process. 
It is usually assumed that it has zero mean fix — 0 and is Gaussian. 

The random process X{t) is called a white Gaussian noise process if X{t) is a stationary 
Gaussian random process with zero mean, fix — 0 , and flat power spectral density, 

Sx(f) = : y, for all/. 

Since the PSD of a white noise process is given by Sx{f ) — , its autoconelation 

function is given by 


Ry{t) = T 

No 


-ijNo 




where S(r) is the dirac delta function 

S ( x ) = 


oo x — 0 

0 otherwise 


This again confirms that white noise has infinite power, E\X[t) 2 ] — Rx ( 0 ). We also note 
that Rx (t) — 0 for any T / 0 . This means that X(t\ ) and X{t‘2 ) are uncorrelated for 
any t\ 7 ^ £2 • Therefore, for a white Gaussian noise, X(t\ ) and Xfo ) are independent for 
any t\ /= £2 • White Gaussian noise can be described as the "derivative" of Brownian motion. 
Brownian motion is an important random process that will be discussed in the next chapter. 


Example 10.16 

Let X(t) be a white Gaussian noise process that is input to an LTI system with transfer 
function 
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2 1 < |/| < 2 


0 otherwise 


If Y (t) is the output, find P(Y (1) < y/N q ). 

• Solution 

o Since X(t ) is a zero-mean Gaussian process, Y (t) is also a zero-mean Gaussian 
process. Sy (/) is given by 


Therefore, 


y~\H(f)\ 2 


1 < I/I < 2 


otherwise 


/ OO 

SyU) df 

-oo 


= 4iYn. 


Y(t) ~ iV(0,4iVo). 

To find P(Y (1) < y/No) , we can write 

< vfflS) - * 


= $ ( -J « 0.69 
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